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Abstract

Preterm birth, affecting about 10% of pregnancies, significantly contributes to perinatal morbidity and mortality. Recent research indi-
cates that metabolomics could enhance pregnancy outcomes and reduce costs by identifying biomarkers related to common pregnancy
complications. Our team focused on analyzing amniotic fluid collected during the second trimester to identify potential biomarkers
for preterm birth using IH-NMR metabolomic analysis. We compared amniotic fluid samples from women who delivered prematurely
with those who delivered at term. Multivariate principal component analysis revealed dimethylglycine, glucose, myo-inositol, and suc-
cinic acid as potential biomarkers for preterm birth prognosis and early diagnosis. Further analysis demonstrated distinct regulation
patterns of these metabolites in relation to fetal growth centiles. For instance, dimethylglycine and glucose were upregulated in fetuses
above the 20th centile, while citrate and succinate were upregulated in those below it. With Area Under the Curve (AUROC) values over
0.75 and p-values less than 0.05, these metabolites show promise as reliable biomarkers for predicting fetal growth restriction. This ap-
proach could significantly impact maternal-fetal medicine by facilitating early diagnosis and personalized interventions. Future research
should focus on validating these findings in larger populations and exploring the underlying mechanisms of metabolite regulation.
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Preterm birth is a major contributor of perinatal morbidity
and mortality, complicating about one out of ten pregnan-
cies.l!] Several studies of metabolomics are currently avail-
able regarding common complications of pregnancy; their
use could improve pregnancy outcomes and lead to cost
reduction.[>]

Recently, our team investigated whether the analysis of
the metabolic composition of amniotic fluid collected from
pregnant women in the second trimester could provide

valuable information on preterm birth. We used 1H-NMR
metabolomic analysis to examine amniotic fluid samples
from women who delivered prematurely and those who
delivered at term. Using multivariate principal component
analysis, dimethylglycine, glucose, myo-inositol and suc-
cinic acid were identified as potential biomarkers for the
prognosis and early diagnosis of preterm birth.[)
Following further analyses, utilizing the same method-
ology®!, we found that the previously identified metabo-
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lites show distinct patterns of regulation that correlate with
specific pregnancy milestones. This means that the levels
of these metabolites change predictably, according to the
fetal growth centile. For example, according to Fig. 1, di-
methylglycine and glucose are upregulated in fetuses >20
centile, while citrate and succinate are upregulated in those
<20 centile. Based on the fact that these metabolites are val-
idated (Area Under the Curve, AUROC >0.75 and p-val-
ue <0.05), this regulation pattern suggests that the above
metabolites could be used as reliable biomarkers to predict
fetal growth restriction. This may have a significant im-

Scores Plot

pact in maternal-fetal medicine since accurate prediction
of birthweight could favor early diagnosis of implications
related to prenatal monitoring, allowing personalized and
timely interventions to ensure the health and safety of the
fetus/neonate.

Herein, by combining NMR metabolomics and a unique
multivariate statistical approach, we provided new insights
into amniotic fluid biomarker discovery anhighlighted the
potential for metabolomics to contribute to improving ma-
ternal and neonatal outcomes. Future studies should aim
to validate these biomarkers in larger and more diverse
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Figure 1. Metabolites of interest derived by discriminant analysis of fetal growth centile.
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populations and investigate the mechanisms driving these
regulatory changes.
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Pe3tome

IIpe>xeBpeMeHHbIe POJIbI, 3aTparuBaloliye okono 10% 6epeMeHHOCTeI, BHOCAT 3HAUMTEIbHBII BK/IaJ, B IIePMHATAIbHYIO 3a60/IeBa-
eMOCTb 1 cMepTHOCTb. HelaBHIe MCCIeOBaHMs TIOKAa3bIBAIOT, YTO MeTa60/IOMIKA MOXKET YIy4IINTD MCXOAbl 6€PeMEHHOCTI U CHU-
3UTb PACXOJibl 3a CYET BBIAB/ICHIS 61I0MapKePOB, CBA3AHHBIX C PACIIPOCTPAHEHHBIMY OCIIOKHEeHMsIMY 6epeMeHHOCTH. Harra komanza
COCPEOTOYNIACH Ha aHA/IM3e AMHUOTUYECKOI XIKOCTH, COOPAHHOI BO BTOPOM TPMMECTPE, /Is BBISB/ICHNS OTEHI[MAIbHBIX O1O-
MapKepOB ITPeXXjIeBPeMeHHbIX POJIOB C ICIIO/Ib30BaHeM MeTaboomHoro anammsa 1H-SIMP. Mbl cpaBHmm 06pasiibl aMHUOTNYECKOI
JKUJIKOCTH Y SKEHILVH, POAUBILNX IPEXEBPEMEHHO, C TeMM, KTO POAWI B CPOK. MHOrOMepHBIil ITTABHBI/I KOMIIOHEHTHBII aHAJIN3
BBIABU/I AMMETVIII/INIINH, [IFOKO3Y, MIUO-MHOSIUTON U SIHTAPHYIO KMC/IOTY B Ka4eCTBe IIOTEHIMAIbHBIX OMOMapKepoB IS IIPOrHO3a
IPeXIeBPEMEHHBIX POJIOB U PaHHEN AMArHOCTHUKI. [la/IbHEeIINII aHa/IM3 IPOAEMOHCTPYPOBAJI PAs/IMYHble 3aKOHOMEPHOCTHU Pery-
JIALMY 9TVX MeTabOIMTOB B 3aBMCUMOCTIL OT IIPOLIEHTIIEN PocTa IIofa. Hampumep, [MMETH/IIIMINH U [II0KO32a OBUIN TIOBBIIIECHDI
y IJIOOB Bbie 20-T0 IPOLIEHTI/IA, B TO BpeMs KaK LUTPAT M CYKI[MHAT ObUIN [OBBILIEHBI Y IUIOJOB HIDKe Hero. [1pu sHavyeHnsx Area
Under the Curve (AUROC) 60o5ee 0.75 n p-3Hadennsx MeHee 0.05 a1 MeTaboMUThI 06€1atoT ObITh HAIEKHBIMIU 6iOMapKepaMu [t
IIPOTHO3MPOBAHNSL OTPAHNYEHNS POCTA IUIOAA. DTOT IOAXOJ, MOXKET CYIECTBEHHO IOB/IMATH HA MEJUI[HY MaTepy U IUIOfA, CII0Co6-
CTBYsI PaHHeIl IMATHOCTIKE U [IePCOHA/TM3NPOBAHHBIM BMeIlIaTeNbCTBaM. By/iyliive nccieoBaHus JO/DKHBI OBITh COCPELOTOYEHBI Ha
HOATBEPIXKJEHUM STHUX Pe3y/IbTaTOB B 60JIee KPYITHBIX HOMY/IALVAX 1 N3y4eHNN 6a30BBIX MEXaHNM3MOB Pery/sLyu MeTabonuToB.

KnioueBble cnoBa

aMHMOTIYeCKas )XUJIKOCTD, TIpeX/eBpeMeHHble popibl, SIMP-MeTabonomMuka, MHOTO(aKTOPHbIIT aHa/N3
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